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Φ(u, v, f, g) =
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− I fj− 1
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− = (1− β) (fj+1 − fj) + β (fj − fj−1)
∆fj+ 1
2

















− = (1− β) (fj+1 − fj) + β (fj − fj−1)
+ θc (− fj−1 + 3fj − 3fj+1 + fj+2 )
+ θd (− fj−2 + 3fj−1 − 3fj + fj+1 )
∆fj+ 1
2
+ = (1− β) (fj+1 − fj) + β (fj+2 − fj+1)
+ θc (− fj−1 + 3fj − 3fj+1 + fj+2 )


















ω δ β θc θd  
Q½ · 
*  * *Qµy   
  * *Qµy «F*ﬂµﬂ  
  * *Qµy  «F*ﬂµﬂ 
  * *Qµy «F*ﬂµT*B « *QµT*0S S
    *Qµy «F*ﬂµT*B « *QµT*0S 
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( (1 + δ)θd fj−3
+ [(1 + δ)β + 2δθc − 4δθd − 4θd] fj−2
+ [−2(β + 2δβ + 1)− 8δθc + 5θd + 7δθd] fj−1
+ [6δβ + 12δθc − 8δθd] fj
+ [2(β − 2δβ + 1)− 8δθc − 5θd + 7δθd] fj+1






























C3 = 1− 3β
C4 = δ(β + 2θ
c + 2θd)
C5 = 1− 15β − 60θ
d
C6 = δ(β + 2θ
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MωU(t) + ∆xΨ(U) = 0
¯N*B|²




















θc = θd = 0
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Φ(u, v, f, g) =
1
2
[ (1 + δsign(c))f + (1− δsign(c))g ] , c = f ′(u/2 + v/2)
f = f+j+1/2 = fj/2 + fj+1/2 + Tj+1/2/2





















Tj+1/2 = C(−fj−2 + 5fj−1 − 10fj + 10fj+1 − 5fj+2 + fj+3)
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U (0) = Un
V1 = ∆t Ψ(U
n)
V2 = ∆t Ψ(U
n + V1/2)
V3 = ∆t Ψ(U
n + V2/2)
V4 = ∆t Ψ(U
n + V3)




U (0) = Un
U (k) = U (0) +
∆t





, k = 1 . . . N











ω β θc θd δ CFLmax
 * *
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U (0) = Un
U (k) = U (0) +
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, k = 1 . . . N
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Fij = Fi + 0.5 (~∇F )ij .~ij





















































































~ji = ²ni ~in + ²mi ~im ,
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(~∇F )ij .~ij = (1− β)(~∇F )
c




(~∇F )uij .~ij − 2(














(~∇F )ji.~ij = (1− β)(~∇F )
c




(~∇F )uij .~ij − 2(



































































ψiψj dv + (1− ω)M
FV M
i j
MFV Mi j = meas(Ci) if i = j, 0 else.
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C1 = b∆x+ a∆y
C2 = |b∆x+ a∆y|+ | − b∆x+ 2a∆y|






































































































































































Tij = C(2(~∇F )D∗
ij
.~ij − 5(~∇F )uij .~ij + 6(~∇F )
c
ij .~ij − 5(~∇F )
d











































































































































































































































































































































































ω β ξc ξd δ
G`qHi]Uq
β
«¬hX[]U\?]  *ﬂµﬂ   * 
β
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|A(U˜)|(UR − UL)/2 = T








sign(A) = T−1Diag(sign(λ1), sign(λ2), sign(λ3))T.
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(F (UL) + F (UR))/2 − sign(A(U˜))(F (UR)− F (UL))/2 .
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(~∇F¯ )ij · ~ij = (1− β)(~∇F¯ ))
c
ij · ~ij + β(
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+ξc
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F¯ = (F¯ , G¯)










Φij = 0.5 (F¯ij + F¯ji) · nij
¯ |T²
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U = (ρ, ρu, ρv,E)
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· ~ij − 5(~∇F¯)uij · ~ij + 6(
~∇F¯)cij · ~ij − 5(




























(F¯i + F¯j) · nij − T¯ij · nij
¯ |T²
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U˜ij = U˜i +∇U˜ij
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